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Abstract
Background: Since Ochthera chalybescens had been reported to prey on African malaria vectors,
the predatory capacity of adults of this species on Anopheles gambiae sensu stricto was explored.
Method: Predatory capacity of this fly on A. gambiae s.s. was tested at all developmental stages,
including the adult stage in the laboratory setting. Effects of water depth on its predatory capacity
were also examined.
Results: This study revealed that O. chalybescens preyed on mosquitoes at all life stages except
eggs. It was able to prey on an average of 9.8 to 18.8 mosquito larvae in 24 hrs. Mosquito larva size
and water depth did not affect predatory capacity. However, the predacious fly preyed on
significantly more 2nd-instar larvae than on pupae when larvae and pupae were both available.
Conclusion: Ochthera chalybescens is, by all indications, an important predator of African malaria
vectors.
Background
Despite the long history of malaria control efforts, malaria
remains a major threat to human health. Since malaria
vaccine development is slow, and parasite resistance to
anti-malarial drugs is developing rapidly, vector control is
considered the most practical method for reducing
malaria transmission in developing countries [1-3]. Bed
nets and indoor residual spray using DDT or pyrethroids
have been common measures for malaria vector control
[4,5]. However, there is a strong concern about toxicity
against other organisms [6] and vector resistance to chem-
ical insecticides [7-10]. Chemical insecticides also kill
predators of mosquitoes [11], and the resulting reduction
of predators may increase vectors. Predators usually have
longer life cycles than their prey [11]. Vector mosquitoes
can thus reestablish their population faster after the appli-
cation of insecticides than their enemies can, and their
numbers may become greater than before [12]. Therefore,
the use of chemical insecticides requires caution.
Service [11,13] used a serological method to detect preda-
tors of Anopheles gambiae sensu lato (s.l.) and found that a
predacious fly, Ochthera chalybescens, is an important
predator. Approximately 25% tested positive. Adults of
Ochthera  prey on aquatic invertebrates at the edges of
water bodies by using their sickle-shaped front legs [14].
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This fly holds its prey between the tibiae and femora of its
raptorial forelegs, and it punctures the prey with its labella
for consumption. The fly also preys on small winged
insects [15]. Ochthera is known as a beneficial insect that
preys on pest insects such as blackflies and mosquitoes
including anophelines [14,16-18]. Larval forms of Och-
thera are aquatic and also predacious [18-20]. Service [11]
claimed that predacious flies, including O. chalybescens,
play a more important role in reducing populations of A.
gambiae s.l. in small temporary habitats than in rice fields
because the flies are more abundant in small temporary
habitats. Since Service [11] had only seen these flies prey
on 3rd- and 4th- instar larvae, pupae, and emerging adults
in field, the author argued that the flies cause greater mor-
tality toward the end of the mosquito life cycle.
Although  O. chalybescens is potentially important as a
predator of malaria vectors, no further biological studies
have been made since the 1970s [11,13,21]. In this study,
the predatory capacity of O. chalybescens adults on A. gam-
biae sensu stricto (s.s.) was explored at all developmental
stages, including the adult stage, under laboratory condi-
tions. Although Service [11] observed that the predacious
fly preys only on older life cycle stages of A. gambiae s.l.,
younger instar larvae may be difficult to see in the field.
This study also determined whether water depth affects
predatory capacity of O. chalybescens because mosquito
larvae are able to avoid terrestrial predators by diving [22].
Methods
Observation of predatory activity in field and laboratory
Adults of O. chalybescens were collected from temporary
pools in the Suba district, western Kenya, in July, 2006. A.
gambiae s.l. larvae inhabited the pools [23,24]. While col-
lecting O. chalybescens from the temporary pools, preda-
tory activity was observed to confirm that this fly preys on
A. gambiae s.l. larvae. In an experimental room at the
International Centre of Insect Physiology and Ecology
(ICIPE) Mbita Point Research and Training Centre, several
of the predacious flies were released into a cage (30 × 30
× 30 cm) and provided a shallow plastic tray (10 × 5 × 2
cm) containing lake water and several A. gambiae s.s lar-
vae. The larvae were obtained from the colony maintained
at the ICIPE Mbita Point Research and Training Centre.
Then predatory activity of O. chalybescens was observed for
1 hr.
Predation related to prey size and age
The predatory capacity of O. chalybescens on eggs of A.
gambiae s.s. was explored. Twenty eggs were added to each
of 40 plastic cups (200 ml size) containing 70 ml water
(depth of 2.5 cm). Water was collected from Lake Victoria
and filtered prior to the experiment. A wooden stick (2.5
cm long and 0.7 cm wide) was also added to each cup.
This stick served as a resting site for the fly. An adult fly
was introduced into each of 20 cups of the 40. The other
20 cups without the predacious fly were the control. Flies
were kept in cages and starved for 24 hrs prior to the
experiment. Each cup was covered with a screen and ran-
domly placed on a table in an experimental room at
ICIPE. All cups were covered with a piece of black cloth for
12 hrs after dusk; this reduced the influence of lights in
the room. After 24 hrs the remaining eggs in each cup
were counted. This procedure was repeated with the other
immature stages of A. gambiae s.s..
To determine which instar larva (1st- to 4th-) O. chalybes-
cens preys on most, an individual mosquito larva of each
instar was introduced into a separate cup to avoid canni-
balism [25]. Each 50 ml cup contained 30 ml filtered lake
water (depth of 2.5 cm). Seven cups were prepared for
each instar (28 cups total: 7 cups × 4 different instars).
These cups were randomly placed in a cage, and 2 adults
of O. chalybescens were released into it. The cage was cov-
ered with a piece of black cloth for 12 hrs after dusk. After
24 hrs, each cup was examined for remaining larva. This
experiment had 15 replicate cages.
A separate experiment was also designed to examine prey
selection of O. chalybescens. One 1st-instar larva and one
4th-instar larva were placed in a cup (200 ml) with 70 ml
filtered lake water. Then an adult fly was introduced into
the cup and covered it with a screen. Fly activity was
observed until either of the two larvae was preyed upon.
This procedure was repeated 30 times. This experiment
was repeated using one 2nd-instar larva and one pupa per
cup (20 replicates).
To examine predation on adults, 20 adult females of A.
gambiae s.s. were released in each of 20 cages (30 × 30 ×
30 cm). A starved adult of O. chalybescens was then
released into each of 10 cages. The other half ten cages,
without the predacious fly, served as the control. The
cages were randomly placed on a table. All cages were cov-
ered with a piece of black cloth for 12 hrs after dusk. After
24 hrs, the live and dead mosquitoes were counted in each
cage.
Predation related to water depth
Two different water depths were used to evaluate their
effects on predatory capacity of O. chalybescens. Shallow
habitat (depth of 0.5 cm) was created by adding 15 ml of
lake water to each of 40 plastic cups (20 ml size). Twenty
3rd-instar larvae of A. gambiae s.s. were added to each cup,
and an adult fly was introduced into each of 20 cups. The
remaining 20 cups, without the predacious fly, served as
the control. Deep habitat (depth of 2.5 cm) was created by
adding 70 ml of lake water to each of 40 cups. Then the
same procedure as the above experiments with immature
mosquitoes was followed.Malaria Journal 2007, 6:104 http://www.malariajournal.com/content/6/1/104
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Statistical analysis
The T-test was used to see whether the difference in the
number of missing mosquitoes between experimental
and control groups was statistically significant. One-way
analysis of variance (ANOVA) was used to compare num-
bers of missing mosquitoes among the four immature life
stages. The binomial test was used to examine the differ-
ence in predation between 1st-instar and 4th-instar larvae
and between 2nd-instar larvae and pupae. Two-way
ANOVA was used to test whether the numbers of missing
mosquito larvae were statistically different between the
two different water depths. The significance level was 5%
for all tests.
Results
Observation of predatory activity in the field and 
laboratory
Adults of O. chalybescens captured anopheline larvae using
their front legs both in the laboratory and in the field. In
the field, several adults of O. chalybescens on hanging grass
leaves at the water's edge (Figure 1). These predacious flies
waited until mosquito larvae swam close to them. When
a fly aimed at its prey, it tilted its body and extended its
forelegs toward the prey. While aiming a fly shook its tarsi.
A fly would sometimes fail to catch a mosquito larva and
would chase its prey by flying close to the water surface.
Adults of O. chalybescens also preyed on anopheline and
culicine larvae stranded in the mud of drying habitats. In
the laboratory setting, adults of O. chalybescens preyed on
larvae of A. gambiae s.s. from the edge of the plastic tray
and sticks.
Predation related to prey size and age
The number of eggs remained unchanged in all cups with
and without O. chalybescens (Table 1). However, for all the
other immature stages, the average numbers of missing
mosquitoes in cups with the predacious fly were signifi-
cantly greater than in those without a fly (t = 40.21 for 1st-
instar; t = -21.08 for 2nd-instar; t = 13.9 for 3rd-instar; t =
8.47 for 4th-instar; t = 8.42 for pupae; df = 2, and P < 0.001
for all tests). The average number of missing adult mos-
quitoes in cages with a predacious fly was also signifi-
cantly greater than those without (t = 9.97, df = 2, P <
0.001).
When a fly was given four different instar larvae in a cage,
mean numbers of missing larvae were 2.7 (SD = 2.6) out
of 7 for the 1st-instar, 3.0 (SD = 2.0) for the 2nd-instar, 2.3
(SD = 2.5) for the 3rd-instar, and 2.1 (SD = 2.3) for the 4th-
instar. The differences in the mean were statistically insig-
nificant (F = 0.52; df = 3, 56; P = 0.673). When O. chalybes-
cens was given a choice between 1st- and 4th-instar larvae,
it preyed on 4th-instar larva 19 times out of 30. However,
the difference in frequency was statistically insignificant
(χ2 = 2.16, df = 1, P = 0.142). When a fly was given a
choice between 2nd-instar larvae and pupae, it preyed on
4th-instar larvae 18 times out of 20 occasions, and the dif-
ference was significant (χ2 = 14.722, df = 1, P < 0.001).
Predation related to water depth
The mean numbers of missing larvae in deep water and
shallow water with the fly were 12.2 (SD = 4.9) and 13.9
Table 1: Live, dead and missing mosquitoes of each life stage with and without Ochthera chalybescens. Numbers in parentheses are 
standard deviations.
Presence Absence
n = 20 Live Dead Live + dead Missing Live Dead Live + dead Missing
Eggs 20.0 (0.0) 0.0 (0.0) 20.0 (0.0) 0.0 (0.0) 20.0 (0.0) 0.0 (0.0) 20.0 (0.0) 0.0 (0.0)
1st instar 1.2 (2.0) 0.0 (0.0) 1.2 (2.0) 18.8 (2.0) 19.9 (0.5) 0.0 (0.0) 19.9 (0.5) 0.2 (0.5)
2nd instar 2.0 (3.8) 0.2 (0.5) 2.2 (3.8) 17.9 (3.8) 19.8 (0.6) 0.3 (0.6) 20.0 (0.0) 0.0 (0.0)
3rd instar 5.7 (4.1) 0.4 (0.6) 6.1 (4.2) 13.9 (4.2) 20.0 (0.0) 0.0 (0.0) 20.0 (0.0) 0.0 (0.0)
4th instar 5.9 (4.2) 4.4 (2.7) 10.3 (4.3) 9.8 (4.3) 13.4 (3.4) 5.3 (3.5) 18.7 (1.3) 1.3 (1.3)
Pupae 14.4 (2.6) 0.7 (0.7) 15.0 (2.7) 5.0 (2.7) 19.3 (0.7) 0.7 (0.7) 20.0 (0.0) 0.0 (0.0)
Adults 14.2 (2.0) 0.4 (0.5) 14.6 (1.7) 5.4 (1.7) 19.4 (0.8) 0.6 (0.8) 20.0 (0.0) 0.0 (0.0)
Ochthera chalybescens on leaf captured mosquito larva (arrow  A) using sickle-shaped front legs (arrow B) Figure 1
Ochthera chalybescens on leaf captured mosquito larva (arrow 
A) using sickle-shaped front legs (arrow B).Malaria Journal 2007, 6:104 http://www.malariajournal.com/content/6/1/104
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(SD = 4.2) out of 20 larvae, respectively. Only one larva
was missing in one out of 20 cups without the fly in both
shallow and deep water. Two-way ANOVA revealed that
water depth was not an important variable (F = 1.47, P =
0.230), but that occurrence of the fly was important (F =
324.31; df = 1, 75; P < 0.001). The interaction between
water depth and occurrence of the fly was statistically
insignificant (F = 1.47; df = 1, 75; P = 1.47).
Discussion
Missing mosquitoes in cups without predators suggest
that cannibalism occurred among mosquito larvae [25].
Averages of 0.3 and 1.3 larvae per cup were missing in the
controls for the 1st-instar and 4th-instar, respectively, and
there were no missing larvae in the controls for 2nd- and
3rd-instars. These results suggest that cannibalism was
inconsequential. It is reasonable to conclude that similar
numbers of larvae were cannibalized in cups with preda-
tors, and thus that nearly all missing mosquitoes (an aver-
age of 9.8 to 18.8 per cup) fell prey to O. chalybescens.
Although Service [11] did not observe that O. chalybescens
preyed on young instar larvae of A. gambiae s.l. in the field,
this study confirmed that the fly preys on all stages of A.
gambiae s.s. except eggs. The results from the experiments
on prey choice among the four larval stages suggest that
prey size does not affect predatory capacity. Younger lar-
vae spent more time near the water surface than did older
larvae during the experiments, and this behaviour
increases the time they are exposed to the predator. Older
larvae are able to dive deeper, and diving behaviour is
considered a way to avoid predators [22]. However, the
larger body size of older larvae may draw more attention
from the predator that may offset the shorter time they are
exposed near the water surface. Thus, both small and large
larvae have some advantages and disadvantages in avoid-
ing predation by O. chalybescens.
Although water depth did not affect the fly's predatory
capacity in our study, the difference in depth was only 2
cm (0.5 cm vs 2.5 cm). Fourth-instar larvae are able to
dive to at least 32 cm [22], so pools deeper than 2.5 cm in
the field may be advantageous to larger larvae. The fly
would not be able to see mosquito larvae on the bottom
of deep habitat.
The results from the experiment with pupae and 4th-instar
larvae suggest that the predacious fly has more difficulty
capturing pupae than larvae. The quickness or the round
shape of pupae may account for this. However, the fly
may easily prey on mosquitoes during and immediately
after emergence as it is also capable of capturing adult
mosquitoes. In general, insects are most vulnerable to pre-
dation during emergence, and O. chalybescens has been
observed preying on emerging anopheline mosquitoes in
western Kenya [13].
The current results indicate that Service [11,13] underesti-
mated the predatory capacity of O. chalybescens on malaria
vectors, arguing that the fly preys on only later instar lar-
vae. The same author reported that predacious flies,
including O. chalybescens, were abundant on small pools
and puddles, estimating with photos an average of 226
adult predacious flies per m2. A large number of O. cha-
lybescens was also seen on the small pools examined in
this study. The fly is capable of preying on an average of
9.8 to 18.8 mosquito larvae and 5.0 pupae per day accord-
ing to this study. Although these figures should not be
extrapolated to estimate mortality of mosquitoes by pre-
dacious flies in the field, they do indicate that predacious
flies are partly responsible for the high mortality (over
90%) of immature A. gambiae s.l. and play an important
role in controlling a population of malaria vectors
[11,13]. This conclusion is more apt for small pools and
puddles than for larger water bodies such as pits and rice
fields; predacious flies are more abundant in smaller hab-
itats in western Kenya [11].
Small aquatic habitats are short lived due to desiccation
[26], which may reduce predators by preventing them
from completing their life cycles. It has been suggested
that A. gambiae s.l. has adapted to small temporary pools
by shortening its life cycle to avoid predators [27]. The life
cycle of O. chalybescens is little known. However, three spe-
cies of nearctic predacious flies, O. mantis, O. tuberculata,
and O. exsculpta, can complete egg to adult development
in 15 to 23 days [19]. This implies that O. chalybescens
completes its development in a similar time span or even
faster in its tropical environment. The time span is short
enough for the predacious fly to adapt to the productive
habitats of A. gambiae s.l. [28]. On the other hand, the pre-
dacious fly may not necessarily breed in the short-lived
habitats where A. gambiae s.l. occurs, because the fly is
able to fly among habitats.
These characteristics of O. chalybescens suggest that it is a
better candidate for biological control of African malaria
vectors than other organisms. Although a larvivorous
fish,Tilapia zilli, and a crayfish, Procambarus clarkii, have
been considered as potential biological control agents for
larvae of A. gambiae s.l. in Kenya [29-31], their use will not
be effective in the small, temporary habitats where A. gam-
biae s.l. usually breeds. They would have to be introduced
into each of many small habitats, which would be time
consuming and unrealistic. The fish and crayfish might
not be able to complete their life cycles in such small hab-
itats; rearing and transporting them would not be cost
effective.Malaria Journal 2007, 6:104 http://www.malariajournal.com/content/6/1/104
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Conclusion
The most important implication of Service's work [11,13]
and this study, is the importance of protecting predators
of malaria vectors. Direct application of chemical insecti-
cides to aquatic habitats should be avoided because it
leads to a rebound in vector populations by eliminating
predators [11]. Life cycles of predators are usually longer
than that of A. gambiae s.l. Application of chemical insec-
ticides to houses and agricultural fields also requires cau-
tion; insecticides should not be applied more than
necessary. Chemical insecticides may accumulate in
aquatic habitats after being carried by rainwater from
houses and soil [6], with the side effect of killing benefi-
cial malaria vector predators.
Authors' contributions
All authors participated in the study design, and carried
out the field and laboratory experiments. NM conceived
the study, performed the statistical analysis, and drafted
the manuscript. All authors read and approved the final
manuscript.
Acknowledgements
We are grateful to Dr. John Githure for supporting this study. The ICIPE 
Mbita Point Research and Training Centre kindly provided us mosquitoes 
and an experimental room. We thank Dr. Ichiro Miyagi for identifying O. 
chalybescens. This study was supported by the Nagasaki University-JICA col-
laborative fund.
References
1. Trape JF, Pison G, Spiegel A, Enel C, Rogier C: Combating malaria
in Africa.  Trends Parasitol 2002, 18:224-230.
2. Killeen GF, Seyoum A, Knols BG: Rationalizing historical suc-
cesses of malaria control in Africa in terms of mosquito
resource availability management.  Am J Trop Med Hyg 2004,
71(Suppl 2):87-93.
3. Fillinger U, Sonye G, Killeen GF, Knols BG, Becker N: The practical
importance of permanent and semipermanent habitats for
controlling aquatic stages of Anopheles gambiae sensu lato
mosquitoes: operational observations from a rural town in
western Kenya.  Trop Med Int Health 2004, 9:1274-1289.
4. Kouznetsov RL: Malaria control by application of indoor spray-
ing of residual insecticides in tropical Africa and its impact
on community health.  Trop Doct 1977, 7:81-91.
5. Lindblade KA, Gimnig JE, Kamau L, Hawley WA, Odhiambo F, Olang
G, Ter Kuile FO, Vulule JM, Slutsker L: Impact of sustained use of
insecticide-treated bednets on malaria vector species distri-
bution and culicine mosquitoes.  J Med Entomol 2006,
43:428-432.
6. Henry L, Kishimba MA: Pesticide residues in Nile tilapia (Oreo-
chromis niloticus) and Nile perch (Lates niloticus) from South-
ern Lake Victoria, Tanzania.  Environ Pollut 2006, 140:348-354.
7. Corbel V, Hougard JM, N'Guessan R, Chandre F: Evidence for
selection of insecticide resistance due to insensitive acetyl-
cholinesterase by carbamate-treated nets in Anopheles gam-
biae s.s. (Diptera: Culicidae) from Cote d'Ivoire.  J Med Entomol
2003, 40:985-988.
8. Etang J, Manga L, Chandre F, Guillet P, Fondjo E, Mimpfoundi R, Toto
JC, Fontenille D: Insecticide susceptibility status of Anopheles
gambiae  s.l. (Diptera: Culicidae) in the Republic of Cam-
eroon.  J Med Entomol 2003, 40:491-497.
9. Hargreaves K, Hunt RH, Brooke BD, Mthembu J, Weeto MM,
Awolola TS, Coetzee M: Anopheles arabiensis and An. quadrian-
nulatus resistance to DDT in South Africa.  Med Vet Entomol
2003, 17:417-422.
10. Casimiro S, Coleman M, Hemingway J, Sharp B: Insecticide resist-
ance in Anopheles arabiensis and  Anopheles gambiae from
Mozambique.  J Med Entomol 2006, 43:276-282.
11. Service MW: Mortalities of the immature stages of species B
of the Anopheles gambiae complex in Kenya: comparison
between rice fields and temporary pools, identification of
predators, and effects of insecticidal spraying.  J Med Entomol
1977, 13:535-545.
12. Chandler JA, Highton RB: 1976. Breeding of Anopheles gambiae
Giles (Diptera:Culicidae) in rice fields in the Kisumu area of
Kenya.  J Med Entomol 1977, 13:211-215.
13. Service MW: Studies on sampling larval populations of the
Anopheles gambiae complex.  Bull World Health Organ 1971,
45:169-180.
14. Deonier: Observation on mating, oviposition, and food habits
of certain shore flies (Diptera: Ephydridae).  Ohio J Sci 1972,
72:22-29.
15. Keiper JB, Walton WE, Foote BA: Biology and ecology of higher
Diptera from freshwater wetlands.  Annu Rev Entomol 2002,
47:207-232.
16. Travis B: Three species of flies predaceous on mosquito lar-
vae.  Proc Entomol Soc Wash 1947, 49:20-21.
17. Peterson B, DAvies D: Observations on some insect predators
of black flies (Diptera: Simulidae) of Algonquin Park,
Ontario.  Can J Zool 1960, 38:9-17.
18. Werner D, Pont AC: Dipteran predators of Simuliid blackflies:
a worldwide review.  Med Vet Entomol 2003, 17:115-132.
19. Simpson K: Biology and immature stages of three speices of
nearctic  Ochthera  (Diptera: Ephydridae).  Proc Entomol Soc
Washington 1975, 77:129-155.
20. Foote BA: Biology of shore flies.  Annu Rev Entomol 1995,
40:417-442.
21. Service MW: Mortalities of the larvae of the Anopheles gambiae
Giles complex and detection of predators by the precipitin
test.  Bull Ent Res 1973, 62:359-369.
22. Tuno N, Miki K, Minakawa N, Githeko A, Yan G, Takagi M: Diving
ability of Anopheles gambiae (Diptera: Culicidae) larvae.  J
Med Entomol 2004, 41:810-812.
23. Minakawa N, Mutero CM, Githure JI, Beier JC, Yan G: Spatial distri-
bution and habitat characterization of anopheline mosquito
larvae in Western Kenya.  Am J Trop Med Hyg 1999,
61:1010-1016.
24. Minakawa N, Seda P, Yan G: Influence of host and larval habitat
distribution on the abundance of African malaria vectors in
western Kenya.  Am J Trop Med Hyg 2002, 67:32-38.
25. Koenraadt CJ, Takken W: Cannibalism and predation among
larvae of the Anopheles gambiae complex.  Med Vet Entomol
2003, 17:61-66.
26. Minakawa N, Githure JI, Beier JC, Yan G: Anopheline mosquito
survival strategies during the dry period in western Kenya.  J
Med Entomol 2001, 38:388-392.
27. Minakawa N, Sonye G, Mogi M, Yan G: Habitat characteristics of
Anopheles gambiae s.s. larvae in a Kenyan highland.  Med Vet
Entomol 2004, 18:301-305.
28. Minakawa N, Sonye G, Yan G: Relationships between occur-
rence of Anopheles gambiae s.l. (Diptera:Culicidae) and size
and stability of larval habitats.  J Med Entomol 2005, 42:295-300.
29. Asimeng EJ, Mutinga MJ: Field evaluation of Tilapia zilli [sic]
(Gervais) as a biological control agent for mosquito control.
Biological Control 1992, 2:317-320.
30. Asimeng EJ, Mutinga MJ: A preliminary account of larvivorous
fish in the Mwea rice irrigation system.  Biological Control 1993,
3:319-322.
31. Mkoji GM, Boyce TG, Mungai BN, Copeland RS, Hofkin BV, Loker ES:
Predation of aquatic stages of Anopheles gambiae by the Lou-
isiana red swamp crawfish (Procambarus clarkii).  J Am Mosq
Control Assoc 1999, 15:69-71.